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DISSOLVING VALUES OF PLATINUM G ROUP METALS 
FROM ORES AND CONCENTRATES 
This Invention relates to a method of dissolving values of 
platinum group metals from ores and concentrates, for subsequent 
treatment for recovery of the metal. The "platinum group" of 
metals 1s: ruthenium, rhodium, palladium, osmium. Iridium and 
05 platinum. The method 1s especially applicable to palladium and 
platinum, which are normally regarded, when 1n ore, as difficult 
to raise to an oxidation number at which they will form 
water-soluble compounds. 

Although alluvial and other mineral deposits of platinum 
10 group metals are the result of natural concentration processes 
Involving weathering and gravity-separation phenomena, 
considerable additional treatment Is required to yield a product 
suitable for marketing. After treatments which might typically 
Include crushing, froth flotation and gravity separation, part of 
15 the resultant material might be sent directly to the refinery. 
The remainder Is concentrated further by smelting, oxygen 
blowing, magnetic separation, and pressure leaching (removing 
e.g. nickel which has been solublllsed) to yield a final 
concentrate, a 60% residue of platinum group metals. 
20 Most refining procedures take advantage of the ready 

solubility of platinum and palladium (and gold) In aqua regla, 
which does not dissolve the other platinum group metals 
(ruthenium, rhodium, osmium and Iridium) and Indeed It 1s 
conventional wisdom that only highly oxidising substances of this 
25 type will dissolve elemental palladium and platinum. (US Patent 
4337226 suggests H 2 S0 4 plus either NaOCl or H 2 0 2 .) Platinum 1s 
Indeed known for Its property of remaining unattacked by for 
example hot sulphur dioxide, and functioning for years as a 
catalyst for oxidising that gas at 600°C. It 1s therefore most 
30 unexpected that sulphur-oxygen compounds can be used to dissolve 
values of platinum group metals. 
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According to the present Invention, a method of dissolving 
platinum group metals from ores or concentrates comprises 
lixiviating the ore or concentrate 1n the presence of an oxidant 
with an aqueous solution containing a material being a compound 

05 or polyelemental anion having an atom In a lower oxidation state, 
and which material Is stable In the presence of the oxidant and 
can co-ordinate a platinum group cation through the said atom. A 
"lower oxidation state" Is any non-zero oxidation state lower 
than the highest normally attained, which In the case of for 

10 example sulphur 1s taken as 6, and arsenic 5. The counter Ion of 
the anion 1f present may be an alkaline earth or alkali metal, 
conveniently sodium. The solution 1s preferably at least 10~ 4 M 
1n said atom, preferably at least 10~ 3 M, most preferably at least 
10" 2 M, and usefully at least 0.04M. It Is preferably under 1M, 

15 more preferably under KM. 

Examples of such materials are: As(0H> 3 or salts thereof; 
organic sulphides and thlo derivatives e.g. thloketones such as 
thiourea H 2 HCSNH 2 ; thlosulphate S 2 0 3 ~; dlthlonate S 2 0 6 ~ and 
polythlonate (0 3 S-S x -S0 3 )~, and the selenium and tellurium 

20 analogues <where they exist) of these sulphur materials. As 
11x1v1ants In extractive metallurgy go, some of these are not 
costly and some are relatively mild environmentally. 

In the case of (for example) thlosulphate, It Is postulated 
that because the thlosulphate Ion Is a soft donor (via sulphur), 

25 1t effectively lowers the redox potential at which the metals are 
oxidized. An Important cooperative effect 1n practice Is Its 
fast rate of oxidation of the metals, especially palladium and 
platinum, particularly 1n the presence of the appropriate 
Ugands, to form coordination complexes under ambient conditions. 
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This discovery represents a novel way of extracting platinum 
group elements from their ores and concentrates by a simple 
leaching procedure using cheap and readily available reagents. 
It Is also the case that since bulk leaching operations are 

05 relatively Inexpensive, lower grade ores than have been hitherto 
thought to be economic and deposits which have hitherto not been 
mined for their platinum group metals content could now be 
exploited, such as the low-grade deposits of Pt and Pd 
concentrated during weathering of mafic and ultramaflc rocks, such 

10 as 1n the Flfleld, NSW area and 1n weathered sulphide ores 
(gossans and the like) overlying primary sulphides 1n certain of 
the deposits of the West Australian shield. 

Arsenic (III) species preferably 1n add solution (more 
preferably pH 3-4) may be used especially for mobilizing 

15 palladium. 

Preferably, means are employed to Inactivate microbes such as 
Thlobacllll which could mediate the concentrations of the 
llxlvlants during the dissolution. 

Preferably other llgatlng anions are additionally present 
20 such as hallde. Chloride 1s convenient, and bromide and Iodide 
are better although 1n practice disproportionately more costly. 

The oxidant which must be present Is most conveniently oxygen 
In air at ambient temperature and pressure. 

The duration of the llxlvlatlon Is preferably at least 7 
25 days, more preferably at least 12 days. 

The resulting solution of platinum group metal(s) 1s then 
normally separated from the residual solids, and then treated to 
recover the metal (s). 
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The Invention will now be decrlbed by way of example. 
EXAMPLE 1 

A fixed mass of comminuted ore containing platinum and 
palladium was leached with a fixed volume of 0*001 molar aqueous 

05 sodium thlosulphate under recycling conditions at ambient 
temperatures (ca 20°C) 1n the presence of air. The pH of the 
solution was maintained at a fixed value above 6 (otherwise the 
thlosulphate would have decomposed) via the use of sodium 
carbonate Na 2 C03, sodium hydrogen carbonate NaHC03, sodium 

10 hydroxide NaOH, Hme CaO or Ca(0H) 2 and/or calcium carbonate 
CaC0 3 . The rate of dissolution of platinum and palladium was 
monitored from time to time by taking samples and analysing for 
dissolved metals with the results below. When amounts 1n 
solution were judged to be sufficient, the solution was filtered 

15 to remove sol Ids and the dissolved values recovered by (1) 

oxidation of the contained thlosulphate to produce a precipitate 

containing the values or (11) reduction of the values with an 

appropriate reducing agent e.g. zinc to precipitate the platinum 

group metals as a concentrate ready for further refining. 

20 Palladium Concentration 

Th 1 osu 1 phate 1n Solution 



concentration jjM after 14 days after 23 davs 

0.001M 8.9 35 ppm 

0.01M 8.9 32 ppm 41 ppm 

25 0.05M 8.5 44 ppm 56 ppm 

0.1M 8.5 70 ppm 97 ppm (32 days) 
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EXAMPLE 2 

Leaching Is made more effective In certain Instances for 
certain metals by addition of auxiliary llgands. Example 1 was 
repeated with the additional reagent sodium chloride present In 
05 solution at a concentration of 0.01 molar. Iridium was leached 
from the ore. 



Palladium was leached from a sample of ore In a manner 



10 analogous to that described above, but using (Instead of 
thlosulphate) sodium arsenlte or arsenic (III) oxide dissolved 1n 
water (0.05 molar In arsenic In either case) and which was made 
acid to a fixed pH below 5 with hydrochloric add, 1n the 
presence of air at ambient temperatures. At higher values of pH, 

15 arsenic (III) can form As(0H) 4 ~, a hard llgand 1n which moreover 
the arsenic atom 1s "burled" and no longer available to 11 gate 
palladium. The HC1 both prevented this and provided CI' Ions as 
auxiliary llgands. 



After 15 days 1n each case, the palladium concentration 1n 



20 the solution was measured, and compared with the result when 
arsenic was omitted. 

pH held at ppm pd using arsenic ppm Pd omitting arsenic 



EXAMPLE 3 
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not detectable 
not detectable 
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CUAIMS 

1. A method of dissolving platinum group metals from ores or 
concentrates, comprising lixiviating the ore or concentrate 1n 
the presence of an oxidant with an aqueous solution containing a 
material being a compound or polyelemental anion having an atom 

05 In a lower oxidation state as hereinbefore defined, and which 
material Is stable 1n the presence of the oxidant and can 
co-ordinate a platinum group cation through the said atom. 

2. A method according to Claim 1, wherein the counter 1on of the 
anion 1s an alkaline earth or alkali metal* 

10 3. A method according to Claim 1 or 2, wherein the aqueous 
solution 1s at least 10~ 4 M In said atom. 

4. A method according to Claim 3, wherein the solution Is at 
least 10~ 3 M 1n said atom. 

5. A method according to Claim 4, wherein the solution Is at 
15 least 10~ 2 M 1n said atom. 

6. A method according to Claim 5, wherein the solution Is at 
least 0.04M In said atom. 

7. A method according to any preceding claim, wherein the 
aqueous solution Is under 1M 1n said atom. 

20 8. A method according to Claim 7, wherein the solution Is under 
KM 1n said atom. 

9. A method according to any preceding claim, wherein the 
platinum group metal is platinum and/or palladium. 

10. A method according to any preceding claim, wherein the said 
25 material is: As(0H) 3 or a salt thereof; or an organic sulphide 

or th1o derivative or Its selenium or tellurium analogue. 

11. A method according to any of Claims 1 to 9, wherein the said 
material 1s thlosulphate, dlthlonate or polythionate or Its 
selenium or tellurium analogue. 

30 12. A method according to Claim 10, wherein palladium Is 
dissolved and wherein the said material 1s arsenlc(III). 
13. A method according to Claim 12, wherein the arsenlc(III) 1s 
In add solution. 
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14. A method according to Claim 13, wherein the arsenlc(III) 
solution has a pH of 3 to 4. 

15. A method according to any preceding claim, further comprising 
means to Inactivate microbes during the dissolution. 

05 16. A method according to any preceding claim, wherein other 
11 gating anions are additionally present. 

17. A method according to Claim 16, wherein said other Ugatlng 
anions comprise hallde. 

18. A method according to any preceding claim, wherein said 
10 oxidant Is oxygen In the air. 

19. A method according to any preceding claim, wherein the 
duration of the Hxlvlatlon Is at least 7 days. 

20. A method according to Claim 19, wherein the duration of the 
Hx1v1at1on Is at least 12 days. 

15 21. A method according to any preceding claim, further comprising 
separating the resulting solution of platinum group metal (s> from 
the res11dual solids. 

22. A method according to Claim 21, further comprising treating 
the separated solution to recover the metal (s). 
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